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Leehiv &, Mipmrstorschans 103 257.07, 1509
{Arehives of Virus Resoarclh)

From the Lyglenie-Bactericloglcal Tnstitute of the University of Bern
{Prof. Dr, 0. Hellauer, Dirsctor)

DETERMINATION OF YELLOW-FEVER VIMUS«ERAGGIUTININ IR
HULALY S4PLANTS

oy

Ce Hallauer and GO, Kronauer

With six illustrations (received on 15 April 1960)

The breeding of ysllow-fever virus in human tissua explants has been
rsoarted on earlier (13, 15) In ovder Lo detemrmlng the @xistanaa of & virus
it 13 generally suifielunt to determine ths oytopathogenio affact whose speci-
fiolty AL neosssary can be ascartained through the inkibitlon test using anti-
ST

(The eytopathogenic effsot oan easily be dstarmined in =+1lled oculturs
tubsa, primarily in the paripheoral zons of the ocutgrowlng fissue. Siresks
shaped bonds of tissue defeots (in the rolling dirveotion of the little tubs)
can be dstermined macrosseploally rothor sarly and 9an bho sonsidersd as une
falling signs of virus infeotion, ) C

Thae tltration of the infectlouuness of the oultury virus gives us
reughiy the same values in the explunt and in the cersbzel mouse test. 17-D
gtreins oonstantly passsd in the erplnnt hewever lese trelr mousse pathogenie
clty 8o that we wan no longer nuke n domparqbﬁve ing sntiauaneas tegh in the

————explant and in-the-anlmal experinent. e
-

It would thereforvs be dasiruble to eatablish hemsigiuiinin in the viruse
inTsoted explant and this csrtolnly did aoct upresr hopeloss pardicularly in
view of ths conslderable virus oontent whioh was achieve' ia vitro, Aftar & \
faw initislly unswoeessful prolininuvy axpar*zrnte w2 wire abls to ashieve
this goal, that 18 to say, we wers able %o work oud a very simple wethod age
coxding o whieh virus-gpacific hemugglubinin oun be sstablished in the ine
ﬁggt@d wissve and, most rscently, also in the uallnires'~hasa of the oulture
medium,

Virua atrains. The followinz oulbure pausage straing, soms of which
had bLesn desexrivad sarlisr, wore used lu theso exparinenis:

17 D (London) of the Y0th lsla MSLp¥ /504h=00th KB passage, :
17 D {Ansterdan) of tho 52ud-30th KB padoage,




N sd g - &1 ' L Apas res NEY e e e ey s 1 7
asibi T of the lri?i,,.mo;gz. N3 passize, respectively 47th KB/ist - 15th
Amnion FL passa

Asibi IT of the 8th=21st K3 passags.

The 17.D London, respsetively, Amsterdan strains ¢id not revsal any
mousa pathogenicity any longer. The Asibi I strain had apparently lost iis
viscerotropia for monkeys throush sustained pessage in the explant. The
strain Asibi IT represents a second culture passage strain of the same initial
virus (a&ouaklized nonkey sermum, Rockeleller Institute, New York) and was
refreshed prior to transfer to the exp¢ants by means of an additional monkey
passage. The monkey pathogenicity of this strain had not yet been determined,

Explants, ALl vires strains were passed in KB explants which had
earl*sr proved 4o be optimun for the dreeding of yellow«faver virus, 0ocs~
sionally and for the purpose of couparison we also used Hela "zlrich® explants
for virus passage. Finally we alwo tested the Amnion FL strain of Fogh {12)

for its sultability in vimus broeding.

The oulture medium was always the same for the: vi*us=ir aoted explants
and had the following composition: | ‘

Call* serum 10.0 Penleiliin 500 B/ce
Laotalbumin 5% - 10.0 Streptomyoin 50 /cc
Madium 195 10.0 Uystatin 100 B

Hanks Soluticn 70.0 pll 7w 7.6

The soms medium was also ussd for the transfer Sod maintensnos of KB
und Hela "Zdvich' osll strains while the strain cultures of the Arnion PL
issus were .passsd in the Ly neciwn mentiened by Fogh (12 .

Tha strain eulture. Wors *naubutod st a temps;atuxe of 37¢ G 4n stead=
11y held bottles { 18 co of aultwre wediun ), while tho experimental eultures

~-ywere-lapt—in-little-tubse-{2.5 oo oulturs wediun) in he rolling appsratus.

The virus infeotion of Lhe eiplants as well &b the evaluation of the
yiopathogenie effect wers performied La the mauner desoribed sarlier (ses
also preceding refereiive to dotomlnation of oytepabiivysnio effeat).

{a) Borate axtraetion, Tha uissuo axplonted in the 1ittle »elling
bube 18 washod onge = alter redoval of the culburo mediun == with 2.5 o9,
euoh, of Hanks solution (P2} Pk = ,.u) ang 15 then coversd, in situ {diago=
nally pesitionsd sulture tube) with 2.5 g, o&ch, borate=aCl sclutlon (0.05 u
borate = 0,12 m HaCl, P 8.7 = 0,0) {the bufler solutien, the Yoy, L8 pre=
pared asoording to the indisatlons by Clarhe awd Guaals *1%) it is then
oxtrooted for 30 minutes at room hempsrature (20° €. After the removal of
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P L..;';';k;‘;.a.ui;;z;i.;-oo;xt:..i.;;.‘.;;.- Loty waeratsy, tue adplanbs are washed once
x-u...Mn s solution (Uil $45) anl il arce then provided with a new culture

™he borate eritraction 2an also be onrformed in the centrifuged cell
scdiment of Lrocssced culbures. Frior waghing of the cell sediment with Hanks
solution is vequired only il t c vocrpesed nediven cannot be complaetaly transe-

i

Zerred with o pipet or i the tiszue was howogenizoed with trypsin.
{5} Fhosphate exiraciion. Insbood of borate we use a phosphats, re-
ssestively, _"osohate~oorauv Cusler (0.2 w zhosyhate - 0.15 n Hall; 0.05 m
borate = 0,12 m HaCl, »¥ &.5 - 0.7) for the exiraction of the hemagulutlnln.
Cee- - Erior-to-bi ﬁ;c%f&&%tc@"t ‘creﬂ:..-_. ra.;’ argonuw I oLn washeld, Just ouge, i -

situ, using Hanks solution (vl 0.0); alter that they are sxbtracted with 2.5 00,
eﬂcn, bulfer solution for 20 m.ud;Qe @t rooun tonpematura; we thon wash onoes

rith Fanks solution (P! 7.4 « 7,0 and we finslly supply 2.5 ao, each, of new
cu;ture MO LU,

4 modiflcation of this procedure consisis in the follcwinvz we leavs
the ev~oﬂsl; washed tiuove in sltu in contect with 2.5 ¢ aaoh, of pho8e
uhaue bulfer (pn G5 = 6.7) plou puose oryuhi rocyies {19) aurlnw 20 ninutes
at room tomoerature. The ﬁJyLd£Objuu suspansion s tLhen wemaved from the 118«
sue as complotely as possibls (using an injestion syringe and it is tlen
weured into sedimantation; res WQQULVU*y cenloal cantrifugzation tubes. The
oxplaibs ars then once aguin waslwd with Hanks solution (oF 7.4 o 7.6 and
are provided with new euliure wmodiun,

[}

diter ptor Treatnous with Froon

2o

The culture mediui 50 Ou wwuubad L5 Lroaght to o pid of 7.4 « 7.6 by
neans of Hatr. biearbs the voll eluwents are wewoved by weans of caririfuging
and it i than coolad to 4% O in an Lenwtoolod waber Luun. Aotay adding the
same volume of loo=gooled Zrson solublon { 1,“ Aifluoretetrashilorethans ) tho
-— - —— —witure tvTerceiully athntcu Tor w2 iy TTihe oald envircdrent and L8
then centvi;ubaa for 20 = 3% wminubou ot 0,500 ’a:nuhese The watsry superniw
fant dignid is then anee a;n;n shalen onge and perhaps twlee with froon.
Thts method makes Lt pessible to ravove nons;uciflc, hamagglutinin-inhibiting
substances.

Consarvation of huvm;glutix' J;trucﬁsg Borste extracts with a pi of
Be? « 9.0 oan e oousarvod a% =309 0. This aspliss also to media agltated

e

mf: with freon. Ou the other luwnd, houpbabu wibrnots with a pH ot 6.6 = 6.7 oane
not be prsug~ved and mish tueru.oru vo wued ledlntely after they are obw
uainad,

Bonagnlutination tosl. Tho hawgylubinin extrasts are diluted in the
ouatomary lirtlr test tubos in (.35 co, uwueh, of phosphate- borate bulfer '
it wikh & i of 0,75 the dilutien Lews iu 110 al“ the way to 1:1024k; they are
then transferred {mived) in Lle sane bufler with 9.25 ee, each, of a 0. 75@
co0ss aryilirosyte susponslon {losberlicld, 10). After the mixturos hav

-




. hours gt +¢

stoed ob roon teaperature Lov 1/2 = 1 heuws, tho hemagzlutinin titer is dee
terained,

: emagzlutination inbibition tesi. Hyper-antisera of monkeys and rabe
wits (we want to thank iHr. ¥. Theiler, Hew York and M. 1.5, Porteriield,
London, for letting us have these sera) were pre~treated with acid-washad
kaolin adcording to the methos Qeseribed by Clarie and Casals {11) for the
removal of nonspesific inhibitors. They wore then diluted with borate Muf-
feor {pIl 8.7 = 9,0} 1110 &ll the woy to 1: 5120. Ue took Q.25 ce, each, of
thoss gerun dilutions and mixoed then with 0.25 co, each, of borate extrast,
respeclbive 7y 8 heragglutinin unlis; tho mixturas were left standing for 4

suspension in phosphate=borate buffer (vl 6.7) and we read off tha inhibition
titer after the mixture had stood a%t room touperaturs for 1/2 hour.

Ciosyinents .
1s

Qbtaining Hemerclutinin

l{gme,

The orlginsl intentlon of establishing hemagzlubinin in the viruse
infacted tissue with Liilegible wassago in photostal/ proved impractical bse
cause virusedontaining explants could certainly nob adsorb goose erytarocytes
whish had been added and which were suipanded in & phosphate buffer soluticn
with & pH of 6.7. In these preliminary experimonts we mede the surprising
disacvery that erylhrcoyte susponsions of this leind hemagglutinized very in-
tnesively within a very short nerlod of time after having basn kept in cone
taot for 13 ~ 20 minutes with virus-gontaining tissue in v.tro, The very cb-
vious assumption =« 40 the affect thal the esplanied tlssue releases virus-
speoilic hemagplutinin under the effect of tho acid phosphate buffer «- sould
be eonlimied throush the successiul heragglutinin extrastion with phosphate
buffer gsolution. The fuod thal the rolease of the hemzggiuvtinin is not
brought about by the asldity ol the bullfor omerges from the obsarvation 20w

_gording$o-which-a-hemaggivtinin ertractlion witi Hanks solution ol corresa
ponding acid reaction { pl G.7) Ls net pousille. The effesct observed would,
instead, meam to be brought about by the cytotonic offect of the phosphate
selution; at any rate, explanis rovenl a morphelogleally changed appearancs
aftar pheosphate extrastion (temporary rounding of tissue oells},

The phosphate extiastion of yellove=fover hemagglutinin involves two
disedvantages: £irst of ell, the pruvieusly uentioned tissus darzgs which
1% cern of vepeated exiractlon atbtempts can leud to the losas of the explant
and, Lesen’, o areat dnstabllity of the hemagglutinin in the acid sxtrach,
whloh requires yapid utilizabtion. Por the routine hemagglutinin determlna-
tion we therefore asxtensively vorrained fyom uulng the phosphate bulfaer ox-
trootion, thot 12 to say, the exbtractlon was confined to those casesd in which
a rapid, qualitative henagglubinin determinatlen waw desired, For this, ths
advanaa treatwont of virugeinfscted explants with pooss erythrocytes, sus-
pended in a phoaphats buffor solubion, 1s highly suitable as the mest assnsi-
tive test.

I .

6. Aftsr that we -adtsd 0s5-eq; -each, of a 1% goose eryihzveyte

e —cen
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racts.  The fact that in this
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ly L0 a Lesssr dograe,

" The establishment of hcmabgluylnLn in the ligquid culbure phase, re.

spectively, in the culture mediun created

LWL

2jor dilffieultiss in the begimuing.

Ropeated expsrimants, ained al removing the nonspecific inhibitors of the me-
Alum -~ whose homagglubination inhibition titer should be suzgested at 1364 =m

oy means of Seitz [iltratlo

n { L) did not lead to any clsar results.

Finally

the repsated shaking of the viruc-conizining culture liguld with fluorcearbon,
raspectively, freon, in a cold enviromaent proved te be 2 method suited for
nin, DBorats extraces can likewise be freed of any

the isalation of hemagrluti

still exlsting inhibitors through prioy

ndversa @ fact on the hemag

2. Proverties of he

seebtination titer.

mao Tahi nilte

(a) Bebavier Durine lamasrlutination Tegt

The agtivity of henap:

to a high extent on the lr&roucu ion concontralion

reatmen* with Trgon, without any

glubinin =~ as in all arbor viruses = dapands

ment. The opnimum pdnvalue 15 definitoly ureund 6.6 -~ 6.7; ab & pH of
7.0 and «::o 4 wa mostly 4o not have awy hemagglutination. The effect
of hovw"ﬂlc“n4ulcn was lovestigated at + Lo,
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Jermation of a boltonm seliTumite 0

ol cell receptors could be found. S rdutinaies apilated saveral times can,

to be sure, be transferred tc & homogeheous, s ontaneously not agglutinating
cell susjension which, however, is re-agzlutinated in 1ts original strength
Shroush the venewed acddition of fresh hemagzlutinin. The virus gpecificity

of ihe hemicclutinin was asceriained in the inhidition test, using inhibilore
o S » . o - AR S S wm lnk Y .
Tran vellou-iover antisera; here we dedermiined an inhibition titsr of 1:320

o

&> L
rapsd serum), respectively, 1:1200 (wonkey hyper-antiserum),

Fa X

{2) Zehovier in Timlont
. SN

ITf we want to sesbablish hemagglubtinin, Lt is very Lmportant to know

TTTpendix).

whether the infocted esglanis are held stoble or whether-they are moved in - -
the apitator; we can determine the hemngglutinin regularly only in the latter;
in the former case this ig imnossible wost of the Stime. The obviocus assunp-
tion == according to which we could achleve a higher infectiocusness titer in
agitated cultures than in resting cultures -- could be verifisd by mezns of

a comparvative infecticusness tosh involving identical infected explants (100
tissue culbturs deses of virus Asibi 1)y the titer diffarence, which was dew
termined on the 5th day p.i. was about log 2,0 (6.5:4.3) for the tissue (bor-
ate oxtract) and it was rouzhly log 1.0 (5.Gik.53) for the culture medium
{native). In stably ineubalied e:plants we thevefore cbviously.do not achieve
the viras concentration (see belew) which i requirved to delermine the hemag-
glutinin -« at least not as 2 rule. ALl exporinments were thereflore performed
in agitated explants.

Vamagelutinin formation tius. In order to debermine the time at which
we mizhit be able fe establish the pressince of hemagglutinin for the Lfirst
tine and in order io determuine the naxminun titer-achieved as well 385 the duro-
ticn of the hemagglutinin production process, we continvously, that is to say,
daily, subjected the sxplants, wiich had been infected with varying deses of
viruses {log 0.0 to 6.0 ID50), to Lorate bufler sxbraction, The expserimental
results achieved hare are Bhown in Table 1 and in the Graphs 1 - 6 (s8e Ap=

As exnpested, the volwme of the inoculation doss detarmines the incu-
bation t'me st which we canh maiie ouy £irst hamagelubinin determination, In
axplants, which were inoeulated with larger infection doses {100 %o 103 ID5Q),
this time usually comes oa the third doy and in a few rare cases on the sec-
ond day, peie; {in ease of very hizh ‘noculation deses, the hemagglutination
formation i3 very clearly inhibitcd and on occasion it is complelely suppresseds
Chanock and Sabir. {3) nade & eimilar diseovery in the cass of the virms of
equine enecaphalitis, tyne Uest; no hemngclubinin could be nctracted from mas-
sively lneoculated mouse brains); leos strenszly infected cultures can give us
a hemagzlutination determinavion on the &th day, pe.i., at the sarliest. In
each caso We can establish the hewmagclutinin in the explaniod tissue 24 ~ 48
hours Lefore the first indication of a cytopathopenic effcet. The maximm
hemazoinhinin titer is aciloved In nosl cases witiin 2% nours after the first
poscible determinatien and as for as tirne is concerned coincldes with a mediune-
lovel cytopathogenic sifect (o}—-%a reastions  increasing rounding of tissus

[ SN
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(£)

ccils, clouding of mediwuz) .. The curatlon of the Lheragelutinin production
CLLINas on the tiue of explanied vissue, that ic to say, on its survival

c2, ability, ¥3 explants are completely destroyed within a short period of
biie (1 « 2 days) alter the mascims: virus titer has been achieved so that
Loe aeuzzslutinin content of the tissue rapidly drops to a minirmm. In Belaw
"oirien® and fomion "FL" explants, on the other hand, the crtopathogenic efw -
Zoel revezled a pronounced protracted course and as a rule did not end in the
comglete destraction of the tissue (*). 4in increase and a drop ir the hemage
Clutinin concentration take place also in such explants at a correSpondingly
slower rate. - : ‘ L ‘

CTTolasid b R o

addon Jibus} et

TIE DURATION OF ISIZACCLUTINIL FOZATION I EXFLANTED TISSUE
AS A FURCTION OF T:E LIOCULATED DOSE -

- ————— . e

legend: a-- hemazzlutining b-- tine of Iirst determination (*); Cee tine of
zactimnn diter (*); de- virus strains; e-- tissues; {-- inoculation dose (1CD);
(*) number of days afier infeciion (average values). .

(The further breeding of surviving lela and Amnion\cells,._z’xbstl;r d?'es
not create any difficulties and enables s to ovbtain "permanent cultures

- {~everal months old, not conversed or “rensferred explants). Sxplants of

whis kind are in a state of equilibrium Letween prolilerative tissue growth
and cegenerative cell decomposiiion and are chronically <nfected, as we were
able to see on the basis of repeciedly successitl virus and hemagzlutinin
ceterminations as well as on the basis of the proven resistance against re-
infection. 4an extensively similar finding was made in comnection with_the
breeding of classical and atypical pouliry pest virus [chicken cholerg/ in
esplants of the same type (16, 17, 1k).)

Th2 virus strains used Co not essentinlly differ fron each other with
respect Lo their hemagglutinating copability alihouch the particular maxiram
titer achieved in each case in iie Asibi strains was on the averaze soxewhat
higher than in {the case of the 17 - D strain. e might mention kere merely

-?-

'
1

a) Vaemaggiutinin (b) Termin des oraten Nachwelses® (c) Termia des mezimalen Titers® i
{d iremtamme | 17D ASDI T Asibi IT 1D | AT~ AsiMt 1T

e Gewebe Kb - KRB | Amnlon | KB | MeLa RB KB Amnlos | KB Hela
a 1......| 58 50 | 64 : sa | 63 | s | s4 |10 58 7.2
8 10 ......] 46 4.2 47 | 41 5.3 8.8 8.0 ‘66 | &8 6.2

e 100 ......] 4.4 34 | 41 3.6 52 | 49 47 -} 82 41 58
i 1,000 ......} 3.0 30 | 37 35 4.5 42 | 40 48 4.0 8.0
S 10,000 ......[ .30 | 3.0 30 | 30 3.5 40 | 5.0 3.0 4.5
& 100,000 ......| 27 ‘ 3.0 ) 3.0 3.0 3.5 35
E 1M ...... 2.0° 3.0 - 30" 30

.
. .
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whav the 17 « D strain (Losden Lot beon passod loncest in hwsn gie
wlants, ne longer produced Lny ho Linin after 99 Hela - "Sir® and sb #B
wassages. A& slmilar loss of hemagzlutinabing activiity was alse luportsed by
Sabin ot al. {19, 20, 8) in old zassaze sbrains of other Arber viruses, Tn
-the case here it is now hizhly questionable whether tha oculturs strain ace
tually lost its cgpability for hemagelutinin forwatieor because there was a
sizultaneous drop in the infeciicusness tiisr by about 1 logip 2¢ that, pos.
sibly, only the threshhold value required for hemagplutinin determination
was not reached. :

{The -fact that this asswprtion would seem %o apply here amerged during
the 69th XB passage in which henagglutinin -- corresponding to a new riso in
the infectlousness titer == once azain could be established in a very enall
quantity.)

The finding that the hemng lubinin debermination can be made also in
the oulture medium ~- following prior slimination of nonspecifie inldbitors
tlhiveugh froon -« offered o pogeibility for moking & simulianscus and acnilne
uous determination of the quaniiiative digtribution of hemagglutinin over
the tlssue and the liguid culture phase. lomagzlubinin extraction fyeom the
infsoted tissue, a8 in the sarlier e:perimonts, involvsd the superposiiion

. of the washed explant with 2.5 co, sach, of borats pdufler with a pH of 8.7

©orer 30 mlnwtes at room hLemparaturs: to establish the hemagglubinir in the
meding, Z.5 g, eaech, of call-res culbture ligquld were agiteted with freon
& 4n a cold environment .( + 4% G ) throe times in succession. The 6ffi-
clexey of this methed can bo ssen in Table 2, Partislly oleaned spocimens
as & mle reveal a lower inhlbltlon zene which cseaslionally san alse bs found
in the uneleansd, virug-contalning cnliure media. The purification or slaune
ing prosess can be consldered coamleued when we oan no lenger establish Lhe
oiiztence of a prozone and when the hemapglutlinln titer remalns al o constnnt
Lavel,

TASLE 2

PURIFICATION OF CULTURE LEDTA WITH FREON
donagplutinin titer befora and after 1 - J=lold Ireon agltation
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Mgendd dw- explant nusber.; virug strain; de- £reen treste
sent) eee hemagzzlubination tooh dilution; Je- bLafore: svalustion: w4+ heavy
seapinal coating with lamellar Searacion; - donse marginal coating; + fre

anal scating; (+) weak marginal coating; (%) slightly indicated mergingl,
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logend: 2-- explaas : tissue; c-- inoculation dose. (TCD), d- day, peie;
‘G hem2c: 'la‘mmg ~ C‘PE-- sriopathogenic e:“ect "..-”purif:.ca.t:.on of ex-
plant, surviving ¢ ca.nno.. ve. deuerm:ned

e.c‘a..eved. L

"

A c'omarat
'olapted issue, on
her 3 “.a, start
niely extiavsts the
i‘reon trea:'.:r-'

mes‘.a.ra on on t]"e em;;lutinin concenuration in ex= -
~hang, - and - the pertinent. cul'hufev mdium. on the

ithe assuption thet the boratee
; ae.::..f"f atin m con..e*rh of t' ’

'o-.

er vimis. The, sazxeA‘z"”a.np;I.ies to freon-puri-
-:-.es ;or '.n...c_:a ..‘ae ‘sane in: fectiousness t*ters

O* the m“berous:f;comc. raiive tﬂ u-..u:.ons o. this;k:mdawe have reproduced
; _Am:x.;-:ae’r'._n .:ﬂe D e

OTLy 'I:..::

é‘\ifd 2

) Lha thssue madivnm
uem.aon.l:r.‘cv and erezse about 2k rm. ...a..er. > v
concenuratzms Ppro {is ::c"’u:: ertensively: co _ to the. progress*on
of the cvtop«uhog“ tlect so-thal the’ c.swﬂa'hion is :)n_ ified that the in-

tens:v. Oa. m.e 'l'.

Blatcrh "’on is Cecisive Tor thelektent.of the virus
, : ’cui"*”".::*.::c._ Tn’ general, we deteririned lover maiti-
g iio] titers -‘.n iu.e fe ~g-otins dhan in the. .cor ws'aoxinc,,;"'isa.e. In d=ndion
e.")...a.n..s, in whic 4’*‘;-'.133 Jiopatiogonic effect is co..smera‘.ﬂy delayed, thls
'ﬁ;.n,_-, oul».. cor"es" o actuzl coniitions; in other eplants (i3, Zela)
HBriinni ]y I tRese wiich Tere nob s o;ec‘.;ed to a prior
: oom'b e.w:.‘.c..:.on_‘ ove howsTes chie Lo cbierve repeatedly that the
saze mastirun titen & achilieved in the tiscuc and in the mediuvm. The Ire-
quently stablisL rely snnll bermgzlast *f ol con’ce..t .ol the culiure
nmediun is-therslfore possci {he conschnonce of the artif ic:.al v:.*u.» rcmoval
through pr'ro“ oo*..u;,a ke.:’ar:.cu n3 of {he eplonted i ome. o

.:.-'. PR .....l.:L...- Y S
(c) 2elot c:*.<"1 ghunon Dema-orintinin ::.:’-. Tniecsiousne -.as T te"
“

“e‘*””Juum.-con'h:gm; sshioets frow infec ed"*l'esuns are jus‘ as
infectious for esplants (and fox the white rnouse) ac cell=free culture li-
quics. Ve t’:ere..ore mcrc..-:‘.,;y frequently used borate;extracts for virs
passages in the explant oo that the n...r.ar;lu""-*u.rz u.'bor ‘of -the inoculated

virus extract could be compared’ to the infectiousness titer which is achieved




.
in u..c, elant (and

also _7...1 the cerebral mouse ..c.u.) Freon-

: ~sicutes/ liler r-.,e revealed tlhe same infec-
“loucnezss viter zs the ;:on-;surumc. initial nedia 30 that in this. caeeihk -
wise the ratio of heuay: ;'fx:.n’"o :.::;ec«.-ou“nes.. Liter can be determined,

In Table % we have the tiler value.. dotemined for borate extracts.:

-~

Jl—.- AR Y cuLs Lanses

e e T N : .
Lteiiy & . SN

IELACSLUTINGT \.:“ CL.RB37CIDNe IITEC _..'r:osa:s's TITERS wa’ -

BOZAIT IXTRACSTS ERQI 1B :::L.:':s - v-**.ne sm:a:' ASIBL I

v (a) 2 "-Z— —‘..t? - xx. w R
i \ v o |

x."" -r".: . c??;f
: e |- 5301 03] . P
i 0.3-09 Sl ; 6. . +++
! A B X -
;; Y ! ‘. + .
R 8700 | 5, ++

i ' oi +++ ..

P 24-3.0 R o

Legerd: a- I average vilues {(*); bee II. ;.nd.’.vidual"expeﬁmem3° Coe
@.ola.rt nuer; G-- ¢ay, deds; Ll -- memazzivtinin titer; ID50 -=-infectious-
ness titer in explant; seigricnathogenic eflect; (*) - calcu]ated on the
basis of 28 experinent

S=lg c..nno’i. be .Lc.l.e*m.ned.

. The averaze values: of ".'..:e viters, j..fl\: chx were coqmueu .;ro... a lar*er
mumder of indivicual e;:;e.. Thents, leave no Goubt that thers is a: certein Pro=
ro: 1onal...‘.y between tl.e ,;'"ﬁg_,‘i:;t:':.i:. concontration and the level of infece
t:x.ousness~ an increase in '1‘.1.0 acmagglutinin titer by 0.3 log generally is
paralleled by an increase in tlie i:a.ecu_ox.m.w.» oy rouc'nly C.5 log. .The

- %hresihold of ae‘cemmm_..a.ty of homagglutinin lies between k.5:and 5.0 logqg

inTection doses (ID Q) for-the &olont and 15 u:ms strikingly low. Taole &
also shows us two ifidividual esrerixents in which the titer ratio was traced
in terns of fine; here we inde tle rather notewor uhy finding that ro hemag-
slutinin couléd be esta.’ol:.sneu -:rﬂ‘.os‘e at the time of the rastirmn cy‘copa.uho-
Mn..c ei‘i‘ect, althouzh the infeci ousness ti':'.ev contimed to increase or .
droao cnly to a coapa l vely i nll cdegree. It remins to be explained axd
clarified whether such a discrerancy vetwecn hemagglutinin and infectiousness
can be provecd Ireguently or regt wWlar *ly during the final, stage° £ infected
ef’)la:l Se . L

Correspoding compara'&ivc tiver ae..cmlmtions u:x.th .Lreon-puﬁ.i‘ied
culture media have so far been made only to a very small extent. In the case
of five purificates tes‘ce“, ‘we deternined an enf'cirely similar ratio between

e brmgare g
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- iutinin titer at room deru ,
peratures ( + 4°, - 20°C)Ahore is ikewise a complete activity loss within

t‘i‘.e ‘16-*"1"rl\_uﬁ-« n on

oUo 03, 2 1.\_’.“) a8 :243.,'&“.
(@)

Systematic lnves* e on the s 'htv of the ye]loﬁ&ever hemag-
glutinin at various iterpex ant o moW P values ‘have been made only -
to a linited extent; thi ";_‘Q"‘;u cularly irteresting since we' -already have

me informaiion on ti a.s%(%’f OY. Along with other Arbor viruses,. the hemagz-
g_uu:.r.ln of the vellcw-.gezrer vircs shizres the:propervy of maximm: lability
in the p& range (6.6 '-_ Yo 65:.,;‘.3 criimum activity. Phosphate and borate-
phosphate btuifer extrac iEH 2 ol of 8.7 veveal a rapid cdrop:in . the hemag-
satpre (200 C) within 1 = 2 hours;sat lower ten-

issue essbracts.

2% hours. On the o~.he4..,h‘.m,” reraszlutinin hos a relatively high: ‘degree o
stability in case of alkalime mcaction. Sorate extracts witha pH of 8.7 -
9 0 can be conserved withioui any major titer loss for 1. = 2 days at + 4o C,
and for & - 5 days at -'20° C. - In case of longer. storage, the hemagglutinin
titer as a rule Arops Prosressively SO that the specimens i‘ina.]ly ‘becoms  Com=
nleuely inactive == at + 5° ¢ vo"tlj fron the Gth - 10th day om,. at - 200 C
mostly Zrom the 9th - 1 5 a'“ on. The stability of the hemgglutinin by the
way also fluctuates. consicerably fron ohe specinen to:the next:so that the
tines given here only refer O an c.vemce norizs Borate exbra.cts,.;;.can ‘be lyo-
ph_l..zed without major iiter loss; me uu“a'b:.on of the"conservability of
lyonhzlﬂ 2ed specimens hovever hc.s not been determined-as yet.»» ‘Finally we
come to the guestion as-to.whetlhsr in such investigations.the: stabili‘y of

the hemagglutinin is in" fact ¢ecisive or whether the ‘drop in' the. ‘hemagz utinin

titer is brought about oxnly throuzh ihe progreos:.ve ‘Yoss of; infectiousness
during the conservation period. On the basis of ‘several infectiausness de-
ternination :.nvolv:.ng eold<conserved shecizens we would have: to assune that

"the M™nactivation of ¥ e:zz.aglz.t:.n‘"“ takes place in terns of 4ine ‘when the

infectiousness titer drops oe“o'.r the tnresaho.a.d value req,uired for hemg,,lu
tination. : _ , 2

Discussion of Experimental | e"ul

According to Somja i. Zuckley (1) certain Arbor v:.mses of Group A
(equine urcenhalc:vel.us ’i‘y‘“e .cs‘:., Sincbis) respectively -B: (I:yawmr Forest
Disease, “est Nile) in the infected explant of ‘animal “end luman:origin (chick
eroryo, Heola, Detroit-$, crbryonal, muman intestinal tissue) can be determined
and established writh the heln of the he::ad;orpt-c.on test of Shelokov, Vogel, and
chi (21 ). We were never able +o observe a true nen.adsorpt:.on ‘with the yelloir-
sever virus (that is to say, 2 firm binding of added goose erythrocytes to
mfected, explanted t;.s**ve) although we str:.ct v fcllowed the technique recom=
nenced ::y ':'I.Cx{le" Under the e_;ecu of the olmlm. borate buffer the v:.rus,
respectively, the hemazzlutinin, w «.ln“ys comletely washed out of the in-
fected tissue cells so that no. l.fm OI'D»lO‘i thenonenon could take place pre=-
cisely because ol this. t theres was no he..ndsoration either, whenever the
pretreatment of the explant with a washed borate tuffer was omitted and when
the infected tissue was placed in com.act only with an erythrocyﬂ:e sus‘aensmn

T

(= 10g 1.5:5.5; 1.5:5.6; 1.816.0;

o




rrepared in a Hanks solu o;'z with o p¥ of .7, Although in this case the
f:n*.':.r_on:::ent"" concitions:ifor.: t.zc detemuination of Jellaw-fever nemagglutinin
dave deen net, it was impossible to prove a ne..a"glut:.mtion effect either
on t}ze surface of the explanted tiscue or in iae l.quid culture phase. On -
vie basic of these findings it seems reasonzble fo assume that: the hemagglue
tinin of yellow-fever vi i‘s no*:. s'oontancms.'.;f liberated of the still vital.
moroh olo”cally intact c€lls and that it insicad becomes determinable only
alter the cell decomposition or due to artificial exbraction. -1t remains to
be deternined whether theyyellov-fever virus differs basically from the other
Arbor viruses in this respect, as.one might assume on the basis of the experi-
ments by Buckley. "uc'cley l.._ cerise succeeded in a.chievmg the -determination
ol nex.a"{;lu..inm only by ausing 2 nemw:,'l.utzr.::-erbract:.ng borate buffer; the
Frenndsorpiion, ¥ which she cstaol...she'z, 18 undéubtedly not of the "purely
classical, type" .because ag,glx."-m.ues could be established a.lso,mtside the
explanted tissue in c‘xam-sl STOUDRS.

e

The wost mor‘cant '*e"ulu of tnis ..nves‘cigation ,*obably res:.des in

the fact that we succeeded in exxtracting the hemagglutinin from infected ex- .
rlants apparently quantitatively, rithout thc tissues here being damaged to
any zreat extent. - It is furtheruore worth noting that agitation with fluoro-
carbon (freon) el:.mnates noacpecific *zh'.b:.’cory substances and this also
nakes it possible to prove: uhe extistence of the homagglutinin present in the
culture medium. We tlms have’ a:o co..zsamu_ve_y simple methods available for
the early establishment of the yellov-fever virus in the explant -- even bee
fore the appearance of %ihe Cyu0| xathogenic effect. 3oth methods are suitable
also for ..be purification of liemag-lutinin, respectively, virus, and could
therefore prove to be valuable also for electron-optical preparation and
pogswbl,,r 2lso for the obtention of e.lan...n-:oov' vaceines. »

The relationship of the ioua :glutinin to the infectious virus particle
‘has so far not been investi ZateC. AL aiy rate it is certain that borate ex-
tracts and freon mrﬂ_f..ca..ea contain not only hemagzlutinin but also infec-
tious viruses and that there is an esttensive -arouortlonal:.ty betieen the
heragzlutinin concentration and the degiee of :x.mectu.ousness. ' '
The properties of the yellow-~fever h cmg,,lut-‘s.n:.n, uhich so far have
been investi f‘ated god edomna.m.l,r for the m.mo.ae of obtaininz:an antigen suit=
able for the .1cmar.;_,l pimation inhibition test (3, &, 10) vasically reveal
the criuerza set up Yy Sobin znd zsszoc! -."‘cs for other Arbor viruses (19, 20,
5y Oy Ty Gy 9, 22, 23): (1) The releace of hemeggluiinin from infected tis-
sues proves to be dependent on ithe I and on the electrolyhes of the extrac-
tion 1% quid; (2) The }"eua-r.\.u :‘r.at:.n; activiiy is éonfined to a certain pE

ranze, it is often dependent on tic terporature and L mostlJ reveals 2 nar-
Trou erythrocyve Speciimii.  Tae e:.:.."::::wc Gestruetion oi' the cell receptors
does not. take ul..ce ere, formnl sera are apeble of inhiditing the he MAC=

glutination thr '°1-..ne_r content of nonshecilic imhibitors; (3) The staw
o_l:.w' o- the hem"f- tiniv iz small n the o zone of its ostimm activily
and is guerantesd only in case of 2lkaline rc..c‘:,-.cn, (%) :‘.::'eer:.men"'..l SuS~
tained passage of virus stircing con cause a2 locs of the can..bll:.«.y for hermag-
glutinin lormation. Within m:. {ramework the hemagslutinins of various




b

~rlbor viruces do reveal e .‘.mcuc*. siic differcnces, os was proved by 3abin

&G associates with respect. to their ontiran *eac’civ:.ty with erythrocyues :
and in zecordance uiih the Cegree of -Jne-:.r stability. On the basis of availe
asle ot by eans compleu ‘..nve.,:-.:-. tions ib would seem that the hemagglue-

tinin of the Jellou-.ever virus would corressorsl most closely to that of the
Japan-3-Encesinalitis~Virus, :

[o) ) ) : CE ' .
SULTATY \ . :
et \ L o .

f -

#4t. The nemagsluti m of iie yellou~Sever virus can be established
gquantitatively in infected lmwen epplonts both in the tissue (through alka-
line ertraction with borate. buffer) aud in the liquid cu.lture phase (a.fter
elinination of nonsvecii‘ic m*.lbi.tors with ‘.reon)

s

A2+ Hemagglutinin cm be eC'L:.)l shed in the exn la.nted t ssue a.'l.rea.dy
w.bo-.. L...e viopathogenic effact:and 4t reaches its.highest concentration at
tae tire of the maximmun infecticusness titer. The release of hemagglutinin

into ..he calture nmediux takes nl..ce in 2 synchron:.zed faslnon with the pro-
gression of 'hl"e cyto*:atlmgenic eflect. :

43, There is a cerua in “ronor’:....onalz.tj be"ween the henagglutﬁnm and
the infectiousnsss titer. ¢ )
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1. Hallauer econbribution: "Ireeding ond llodification of Atypical
Poultry Test Virus (I0V) in ;;:.G,lu,.-\.s.cf =n umgm, ¥ yolume 8, No, 3, 1958,
or. page 399, first lire: IDjg Loz C.0 2.0 (instead of 0.2).
2, mllaver and Sropaver soabtrilution: MImmnizetion Bxperiments
"Hih Exporimentally Tn"u.cer’ Variants ¢f the Classical am Atypi cal Poultiy
Peot Virus,® Volume ¥, No. 1, 1940, on page %7, lable i
Jrd Colwn  7th Celum
Original virus ' - 3.5 (instead of 5:3) 2.0 (instead of 3.8)
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